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this deposit, clearly, the uranium must have collected 

along with the calcareous materials. We can with 

security argue that the similar oozes collected to-day 
must likewise contain uranium. In the case of the 

red clays we have the direct determination of the 

uranium which Prof. Emil Werner was so good as to 
make at my request. Considering the difficulties at

tending its separation, the result must be taken as 

supporting the view that here, too, the radium is re

newed from the uranium. Regarding the efforts of 

?ther observers to detect uranium in such deposits, it 
I S  noteworthy that without the guidance of the radium 

enabling specially rich m aterials to be selected fa; 
analys is, the success of the investigation must have 
b�en doubtful. The m aterial used was a red clay 
with the relatively large quantity of 54 .4  billionths of 

a gramme per gramme. In a few grammes of this 
Werner obtained up to seven-twelfths of the totol theo

retic amount, and of course the separation of the uran
ium is not likely to have been complete. 

It might be thought a hopeless tasK to offer any esti

mate of the total bulk of the SUb-oceanic deposits and 
from this to arrive at some idea of the quantity of 

radium therein contained. Nevertheless, such an esti

mate is not only possible, but is based on deductions 
which possess considerable security. As a m ajor limit 

I believe the estimate of the total mass of deposit is 

unassailable, and such deductions as might be applied 
will still leave it an approximation to the truth. 

The elements of the problem are simple enough ; we 

know that the sedimentary rocks have been derived 

from the igneous, some 30 per cent of the latter enter

ing into solution in the process of conversion. Some 

of the soluble constituents, owing to their great solu

bility, have remained in solution since they entered 

the ocean.* These are the salts of sodium. An esti

mate of the amount of these salts in the ocean gives 

us a clue to the total amount of rock substance which 

has contributed to oceanic salts and oceanic deposits 
since the inception of the oceans. Some years ago I 
deduced on this basis that the igneous rocks which 
are parent to the sodium in the sea must have amount
ed to about 91 X 10'• tons.t This figure in no way in

volves the rate of supply by the rivers, or our esti

mate of geological time. It only invohres the quantity 

of sodium now in the ocean-a fairly well-known 

factor-and the loss of this element, which occurs" 

when average igneous rocks are degraded into sedi

mentary rocks-a factor also fairly well known. Mr. 
F. W. Clark, to whom geological science is indebted 
for so much exact investigation, has recently repeated 

this calculation, using data deduced anew by himself, 
and arrives at the result that the bulk of the parent 

igneous rock was 84.3 X 10· cubic miles.� On a spe

cific gravity of 2 .6  my estimate in tons gives nearly the 
same result : 84 X 10· cubic miles. 

Now about one-third part of this parent rock goes 
into solution when breaking up into a detrital sedi

ment. The limestones upon the land are part of what 

was once so brought into solution. Having made de
duction of these former marine deposits ( and I here 

avail myself of Van Hise's and Clark's estimates of 
the total amount of the sedimentaries and the frac

tion of these which are calcareous ) § , and, allowing for 
the quantity remaining in solution in the ocean, the 

result leaves us with the approximation of twenty 
million cubic miles of matter once in solution and 

now for the greater part existing as precipitat�d or 
abstracted deposits at the bottom of the ocean. We 

are to distribute this quantity over its floor. If the 
rate of collection had been uniform in every part of 

the ocean throughout geological time, a depth of about 
one-seventh of- a mile ( 240 meters ) of deposit would 

cover the ocean bed. 

While, I believe, we can place considerable reliance 
on this approximation, we are less sure when we at

tempt an estimate of its mean radio-activity. If we 
assume for it an average radio-activity similar to that 

of Globigerina Ooze, we find that the quantity of ra

dium involved must be considerably more than a mill
ion tons. Apart from the value which such estimates 

possess as presenting us with a perspective view of 

the great phenomena we are deal ing with, it will now 
be seen that it supports the finding of the experiments 

on sedimentary rocks, and leads us to anticipate a real 

difference in the radio-activity of the two classes of 

material. 
The Sedimentary Rocks.-<The radium content of 

those of detrital character is indicated in the following 
sandstones, slates, and shales : 

Shales, sandstones, grits ( 10 )  . . . . . . . . . . . 

Slates ( Cambrian, Devonian) . . . . . . . . . .  . 

Mud from Amazon . . . . . . . . . . . . . . . . . . . .  . 

4 .4  

4 . 7  

3 . 2  

Some o f  t h e  above a r e  from deep borings in carbon
iferous rocks ( the Balfour and Burnlip bores ) , I I  and 

from their nature, where not actually of fresh-water 

* Trans. Royal Dublin Soc., vol . vii . ,  ser. ii., pages 23 et seq. 
1- Ibid . ,  page 46. 
t " The Data of Geochemistry, "  by F. W. Clark, page 29. 
§ Ibid. ,  page 31. 
II For these rocks, and for much other valuable material, I have to 

thank Mr. D.  Tate, of the Scottish Geological Survey. 

origin, can owe little to oceanic radio-activity. Many 

of the following belong to the class of precipitates, 
and therefore owe their uranium wholly or in part 

to oceanic source : 

Marsupites chalk 
Green sandstone 

. . . . . . . . . . . . . . . . . . . . .  . 

Green sand ( dred��d ) : : : : ' : : : : : : : : : : : : :  
Limes

.
tones and dolomites [Trenton, Car

bomferous, Zechstein, Lias, Solen

hofen ( 7 ) ] 

Keuper gypsu� ' : : : : : : : : : : : : : : : : : : : : : : : :  
Coral rock, Funafuti bore ( 4) * . . . . . . . . .  . 

T'rias-J ura sediments, Simplon : 17 rocks 
of various characters 

Mesozoic sediments, St. G��h��d'
:
' 
i9' ����� 

of various characters . . .  " . . . . . . . . . . . . .  . 

The general mean on sixty-two rocks is 4 .7 . 

4 .2  

4 . 9  

4 .5  

4 .1  
6. 9 

1 .7  

6.9 

4 .2  

Making some allowance for uncertainties in dealing 

with the Simplon rocks, I think the experiments may 

be taken as pointing to the result : 
Igneous rocks from 5 to 6.  

Sedimentary rocks from 4 to 5 .  

If our estimate of  oceanic radium be applied to the 

a�count of the sedimentary rocks in a manner which 
wlll be understood from what I have already endeavor
ed to convey, there will be found to exist a fair de

gree of harmony between the great quantities which 
we have found to be in the sediments of the ocean and 

the impoverishment of the sediments which the ex

periments appear to indicate. 
In all these results fresh and unweathered material 

has been used. The sand of the Arabian desert gave 

me but 0.4. Similarly low results have been found 
by others for soils and such materials. These are not 

to be included when we seek the radio-activity of the 

rocks. 

As regards generally my experiments on the radium
content of the rocks, I cannot say with confidence that 

there is anything to indicate a definite falling off in 
radio-activity in the more deeply-seated materials I 
have dealt with. The central St. Gothard and cer

tain parts of the Deccan have given results in favor 
of such a decrease. On the other hand, as will be 
seen later, the granite at the north end of the St. 

Gothard and the primitive gneiss of the Simplon show 

no dim inution. According to the view I have put for
ward above as to the origin of the surface richness in 

radium it is, I think, to be expected that, while the 
richest materials would probably rise most nearly to 
the surface, there might be considerable variability in 

the radio-activity of the deeper parts of the upper 

crust. 

LIQ UID CRYSTALS AND SOLID 

SOLUTIONS. 

By PROF. O. N. WITT. 

RECENT progress in science has confronted us with 
several things that are exceedingly difficult to compre
hend. One of these is the solid solution, a conception 

which has enabled me to elucidate the nature of glass, 

the most wonderful of manufactured substances, and 
to explain the remarkable processes which take place 

in the dyeing of textiles. I wish now to report some 
further advances in this field for the understanding of 

which it is necessary to consider another phenomenon 
eq ually difficult to comprehend-the liquid crystals 
discovered and investigated by Prof. Otto Lehmann. 

It is very difficult to form a conception of liquid 

crystals, for the word crystals at once suggests sharp 
edges, solidity and invariability of form, and liquid 

crystals possess none of these characters. But crystals 

are characterized by internal as well as by external 

peculiarities. Even the early crystallographers very 

properly attached great importance to the optical prop· 

erties of crystals, which result from the peculiar ar

rangement and intimate mutual dependence of their 

molecules. The phenomena of double refraction, polar
ization, polychromism, etc., are exhibited only by 

crystals and may be regarded as visible expressions 

of the internal stresses resulting from the close ap
proximation and regular arrangement of their mole

cules. 
Now, Lehmann has discovered that m any substances, 

on cooling after fusion, do not pass directly from the 

ordinary liquid to the crystalline solid condition, but 

go through an intermediate stage, in which they retain 
the external characters of liquids, which are revealed 

in the power to form drops and to assume the form of 

the containing vessel, and at the same time exhibit 

the internal optical characters of crystals . Lehmann 

has given the name of liquid crystals to these crystal

line drops, and has collected a vast mass of experi

mental results in his study of this remarkable phenom
enon. Some substances can be kept in this liquid

crystalline condition for a long time, and the processes 
of growth, coalescence, and mutual absorption are even 

* For these I have to thank the trustees of the British Museum and Mr. 

A. S. Woodward. F.R.S.  

more curious and interesting in liquid crystals than in 
ordinary solid crystals. 

The more the process of crystallization is studied 

the more evident it becomes that the transition from 
the liquid to the solid state is not so simple as it ap
pears at first glance. Liquid crystals represent one 

stage of the process, and another stage is represented 
by the "labile" crystal forms, which have been known 

longer, but were first thoroughly investigated by Leh
mann. 

. 
It is not my purpose to give an exhaustive descrip

tIOn of Lehmann's beautiful researches, which have 
been continued through many years. I wish merely 
to draw some practical conclusions from his investiga
tions. 

In former articles I have shown that ordinary glass 
is a solid liquid. It is a true liquid when it lies in the 
molten condition in the furnace, especially during the 

process of refining, when it is raised to a very high 
temperature and is thin and mobile. As it cools it 

gradually becomes thicker and more viscous until its 
molecules lose their mobility to such a degree that it 

appears like a solid body. If the process of cooling 
had been conducted with sufficient slowness the glass 
would have crystallized, and this occasionally occurs 

in practice if the pasty condition is maintained for a 
very long period. But glass that has crystallized in 

this way has so little of the characteristic properties of 
ordinary glass that it was designated by the old glass
m�kers by the epithet "unglazed." I have repeatedly 
pomted out that glass in the ideal condition of a solid 

liquid is equally unlike ordinary glass. Ideal solid 

liquids are represen ted by Prince Rupert's drops and 
Leyden flasks, which are very liable to explosive dis

ruption. Glass is freed from this explosive character 
by "tempering," that is, by maintaining a high tem

perature long enough to start the process of solidifi
cation, but not long enough to "un glaze" the glass. I 

have proved that in this process of tempering true 

crystals are formed, which are at first invisible because 
their index of refraction is the same as that of the 
liquid glass which surrounds them. 

I have often wondered how, in the process of tem
pering, the still uncrystallized glass so completely loses 
the explosive fragility which characterizes Prince Rup
ert's drops. In all probability this result is due to a 

transformation into liquid crystals, which are formed 

most readily in substances which are viscous in the 
molten condition. In this crystalline state the mole

cules have formed close connections which prevent the 
explosion of the mass on the slightest rupture of the 

tense outer surface. 
Another interesting application of Lehmann's dis

covery of the nature of liquid crystals may be made to 
a new industry, the manufacture of artificial gems. 
Artificial rubies cannot be produced simply by cooling 
fused silica, which has been colored red with chrom
ium. There is now no difficulty in fusing silica in 
large quantities, but the crystals which the silica 
forms on cooling are opaque and quite unlike rubies 

both in form and in optical properties. Verneuil first 

succeeded in m aking artificial rubies by blowing finely· 

divided silica through an oxyhydrogen blowpipe into 
the oxyhydrogen flame, inclosed in a little oven, where 

a drop of fused silica formed on the end of a rod and 
gradually increased in size and hardened until it fell 
off as a transparent red bead. The method by which 

the German Gem Company ( Deutsche Edelsteingesell
schaft ) produces artificial rubies on a large scale 

has not been made public, but it is probably similar to 
Verneuil's method, as the uncut rubies are spherical 
beads. These beads possess precisely the same optical 

properties that are characteristic of natural rubies 
which have probably been formed by a similar process: 

Hence the uncut artificial ruby is a crystal in in
ternal structure but a liquid in external form, for only 

liquids can assume the form of drops. At the high 

temperature at which the bead was formed its mole
cules possessed the mobility characteristic of liquids, 

but this mobility, as in the case of glass, was lost in 
cooling. The result is a double paradox, a solid liquid 
crystal. The liquid character is shown, not only by 

the form, but also by the strong surface tension. This 

tension is so great that the bead would fiy into pieces 

if an attempt were made to polish or chip it directly 
into a faceted gem of maximum size. It is, therefore, 

first split into halves, which can be cut with safety., 

as the surface tension extends only over their convex 
faces. 

The new artificial rubies are often called "recon
structed" rubies and thus improperly likened to the 

imitation rubies which were invented by a certain 
German clergyman some forty years ago. These imi

tations were exactly like natural rubies superficially, 
but were not identical with them throughout, as the 
new artificial rubies are. They were made by heating 

in the oxyhydrogen flame the dust and chips resulting 
from the cutting of genuine rubies. But while the 
fragments were welded together into a homogeneous 
mass, they were not transformed into a single crystal 

and optical examination showed an aggregation of 
many fine crystals. This res�lt is intelligible in the 
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light of our present knowledge of liquid crystals. The 
fragments were heated until they became liquid crys

tals, but not to the point of true fusion. The liquid 
crystals adhered to each other but remained distinct. 

If  the heating had been prolonged sufticiently the 

larger fragments would have absorbed the smaller ones 

and finally coalesced to form a single crystal. If, on 

the other hand, the temperature had been raised, true 

fusion would have taken place, and cooling would have 

produced not a ruby, but common crystallized red cor
undum.-Translated for the ScIENTIFIC AMERICAN SuP

PLEMENT from Prometheus. 

C A S T I N G  P I P E S  I N  P E R M A N E N T  M O L D S.* 

A N E W  P R O C E. S S  O F  M A N U F A C T U R E. 

THE purpose of this paper is to describe a method 
and apparatus using permanent molds, that the hot

test iron attainable from the cupola does not destroy, 
producing cast-iron pipe in which the supposed evils 

of unequal heating and cooling not only do not appear, 

but do not exist. 

FINISHED CORE. 

POURING. 

So-called permanent molds are not new. For many 

years small iron castings h ave been successfully made 

in iron molds, and this without great detriment to 

either the casting or the mold. These castings, how
ever, were invar iably very small and were chilled to 

extreme hardness. Fortunately it was not necessary 
to machine them. This limited the use of such molds 
very materially. Some years ago the Latrobe Steel 

Company cast car couplers in iron molds. Recently 

an article was published describing a successful method 

of making brake shoes in this m anner. These shoes 
weighed about twenty pounds each and with the 

exception of steel ignots and car couplers were the 

heaviest castings made in iron molds. So far as can 

be learned, this is about the extent of the art. It has 

been the dream of every foundryman whose trade re

quires a large number of duplicate castings, to m ake 
these castings in molds that would not only survive 

the process, but would also produce castings that 

would be marketable and be easily machined. 

* Journal of the Frauklin Institute. 

B Y  E D G A R  A. C U S T E R. 

THE .METHOD RELATES ONLY TO SOIL, WATER, OR GAS PIPE. 

In making soil pipe, iron flasks, a cope and drag 
are rammed with sand over a metal pattern ; a green 
sand core is introduced, and the cope and drag are 
clamped together. The ptpe is then poured, with the 

pipe in a horizontal position, and after cooling, the 

in savin� the seconds of time for each particular 
operation and avoiding the useless motions in per
forming them. Any process that would save the use 
of sand for the mold and would produce pipe that 
could be easily cut would of necessity be very desir

able. If in addition it would obviate cleaning and 

O RIGINAL POURING D EVICE, L ADLE IN LOWER POSITION. 

PASSING CORE TO CORE SETTERS. 

CASTING PIP�S IN PERMANENT MOLDS. 

pipe is removed from the flask and carried to the end 
of the floor, where the cores are removed. Then it is 

carried to the cleaning room, where the sand is rat
tled off, and the gates and fins are removed. After in

spection it is ready for shipment. Altogether the pipe 
has to be handled ten times. In this process the loss 
is very great. Much depends upon the condition of 
the sand. It may be too wet or too dry ; the molder 
may ram carelessly, or m ay pour his iron negligently, 
so that the foundry loss often reaches 12 per cent 

to 15 per cent. In summer weather the output is de

creased 25 per cent to 40 per cent, due to the inability 
of human beings to stand the exacting and exhausting 

labor. Only one heat a day can be poured in any sea
son. In fact, with very few improvements, and these 

relating mainly to cores, we are making soil pipe in 

precisely the same manner and with just as much 

labor per pipe as was the practice fifty years ago. It 
is true that the workman of to-day makes more pipe 

in one day than his grandfather did, but this is due 
more to the fact that the present-day workman is 

working by piece and has become infinitely more skilled 

chipping and could be run continuously night and 
day, it would very nearly meet the conditions of an 
ideal business. When experiments to discover and 
perfect such a process were undertaken, the first mold 
made was closely modeled from the flasks in use in 

the sand process. In fact, all the traditions of foun

dry practice were closely followed. The apparent 
danger of pouring molten iron into iron molds incas

ing a damp sand core was considered to be serious, 
and the problem of disposing of the resultant gases it 

was thought would prove to be a great one. Again, 

the pipes were less than one-fourth of an inch thick 
and it was necessary to pour the iron very quickly. 

So far as was known, no one had successfully poured 
a complete pipe in an iron mold, and such attempts 

as had been m ade had destroyed the mold very 

quickly. A mold six feet long would be permanently 
warped in a short time, hence it is not surprising that 
the experiments were approached with considerable 
trepidation. The first mold made consisted of a cope 
and drag, each six feet long, ten inches wide, and six 

inches thick, with gates cut into the drag, as illus-· 
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